A simple and sensitive spectrophotometric method for the determination of nitrogen dioxide in air and nitrite in water, soil, some analytical grade chemicals and tooth paste has been developed. Nitrogen dioxide in air is fixed as nitrite ion in alkaline sodium arsenite or triethanolamine absorber solution. The method is based on the reaction of nitrite in aqueous medium with known excess of Neutral Red (C.I. 50040), an azine dye having a primary amino group with absorption maxima at 530 nm. In acid medium, it showed a decrease in colour intensity due to diazotization, followed by deamination. Addition of bromide ion enhances the rate of diazotization, and the reaction goes to completion almost instantaneously. Beer's law is obeyed over the range 0 -20 µg nitrite and the molar absorptivity is 2.5 × 10 4 L mol -1 cm -1 . The colour system is stable for 2 days. The dye can be extracted under alkaline condition in iso-amyl alcohol and the addition of methanolic sulphuric acid restores the dye colour. It showed molar absorptivity of 4.3 × 10 4 L mol -1 cm -1 . Beer's law is obeyed over the range 0 -1.6 µg of nitrite, having a detection limit of 0.15 µg.
Introduction
Nitrogen dioxide is the most hazardous pollutant among the oxides of nitrogen and plays an important role in the formation of acid rain [1] , photochemical smog and in generation of many secondary pollutants [2] . Maximum admissible concentration of nitrate and nitrite in drinking water being 50 and 0.1 mg L -1 respectivelly [3] .
Various instrumental methods such as polarography [4] , voltammetry [5] , fluorimetry [6] , biamperometry [7] and flow injection spectrophotometry [8] have been used for nitrite determination. Nitrite is determined spectrophotometrically based on diazo coupling reaction [9, 10] , extraction of the azo dye into suitable organic solvent provides a much lower detection limit and improved sensitivity [11] . Neutral Red has been used as cationic dye for spectrophotometric determination of anions like thiocyanate, perchlorate, iodide by solvent extraction [12] . Bleaching of Neutral Red colour with nitrite is slow and it has been monitored at intervals of 5 minutes for the kinetic spectrophotometric determination [13] . But in the presence of bromide ions the reaction of nitrite with Neutral Red goes to completion almost instantaneously and the unreacted dye colour is stable for 2 days.
In the proposed method a known excess of Neutral Red is treated with nitrite in the presence of bromide and acid. The formed diazonium salt is deaminated by the addition of sodium hypophosphite. The method is made more sensitive by extracting the unreacted dye in to organic solvent. The method can be used for the determination of nitrogen dioxide in air, nitrite in water and soil samples and nitrate after reducing the nitrate to nitrite by using copperized cadmium column [14] . The reliability of the method is established by parallel determinations involving diazo coupling reaction [15] and by recovery studies of added nitrite and nitrate.
Experimental Apparatus
Absorbance values were measured using Carl Zeiss PMQ II Spectrophotometer with 1 cm glass cells (Carl Zeiss, Wurttemberg, Germany). Fritted glass bubblers with suitable suction devices were used for trapping nitrogen dioxide from air. The flow rate of air was measured using a rotameter. LI-120 digital pH meter (Elico, India) was used for pH measurements.
Reagents
All chemicals used were of analytical reagent grade and distilled water was used for preparing reagent solutions. 9. Sodium carbonate (0.5%): Prepared by dissolving 0.5 g of sodium carbonate in 100 mL water.
Sodium hypophosphite (1%):
Prepared by dissolving 1 g of sodium hypophosphite in 100 mL water.
11. Solvent for extraction: Iso-amyl alcohol.
Copperized cadmium column
Metallic cadmium fillings between 40 to 60 mesh were taken, stirred for 2 min with distilled water, stirred for 2 min with 100 mL of 2% copper sulphate solution, and then the supernatant liquid was removed. Metallic cadmium was washed with distilled water till the washings were free from precipitated copper. A glass column (5 mm internal diameter) was carefully filled with prepared material up to 10 cm height on a glass wool support without any air bubbles. The column was washed with 1 M hydrochloric acid after every four runs of nitrate reduction and reused.
Preparation of calibration graph
Aqueous procedure 10 mL aliquots of standard nitrite solution containing 0 -20 µg nitrite were added to series of 25 mL standard flasks containing 2 mL of 0.01% Neutral Red, 1 mL of 4.25 M sulphuric acid and 1 mL of 1% potassium bromide. This was followed by addition of 1 mL of 1% sodium hypophosphite and mixed. The mixed solution was then diluted to the mark and absorbance was measured at 530 nm against distilled water. Calibration graph obtained was linear but with a negative slope.
Extraction procedure 10 mL aliquots of standard nitrite solution containing 0 -1.6 µg of nitrite were added to series of 25 mL standard flasks containing 2 mL of 0.001% Neutral Red, 1 mL of 4.25 M sulphuric acid and 1 mL of 1% potassium bromide.
This was followed by addition of 1 mL of 1% sodium hypophosphite and mixed well. The mixed solution was made alkaline by the addition of 2.5 mL of 4 M sodium hydroxide and diluted to the mark. The solution was then transferred into 60 mL separating funnel and extracted with 3 mL of iso-amyl alcohol. The extract was diluted to 5 mL with methanolic sulphuric acid and absorbance was measured at 540 nm against the solvent.
Determination of nitrite and nitrate in water samples
10 mL of the sample was treated with 1 mL of 1 M sodium hydroxide, and centrifuged. Centrifugate was collected, residue was washed with 5 mL portions of water and centrifuged again. All the centrifugates were mixed well and made up to 25 mL.
Nitrite determination: 10 mL of the made up solution was taken and analyzed for nitrite adopting the procedure followed for the construction of calibration graph.
Nitrate determination: 10 mL of the made up solution was taken, treated with 5 mL NH 3 -NH 4 Cl buffer (pH 8.5) and passed through copperized cadmium reductor column at the rate of 1 mL min -1 . The column was washed with three 2 mL portions of water, the eluents were collected in a 25 mL standard flask and diluted to the mark. 10 mL of the made up solution was taken and analyzed for total nitrite content.
Determination of nitrite and nitrate in soil samples
A known weight (0.5 g) of soil sample was taken in a 25 mL beaker and extracted with three 5 mL portions of 0.5% sodium carbonate solution. The extracts were filtered through Whatman 41 filter paper. The filtrates were collected and diluted to 25 mL.
Nitrite determination: 10 mL of the made up solution was taken and analyzed for nitrite following the procedure described under preparation of calibration graph.
Nitrate determination: 10 mL of the made up solution was taken and 5 mL of NH 3 -NH 4 Cl buffer was added and mixed. The solution was passed through the reductor column. Total nitrite content was determined following the procedure described under the analysis of water sample.
Determination of nitrogen dioxide in air
Air was drawn through 10 mL of sodium arsenite or aqueous triethanolamine absorber solution at a flow rate of 0.2 L min -1 . These absorber solutions have absorption efficiencies of 82 and 95% respectively and the stoichiometric factor for sodium arsenite is unity where as that for triethanolamine is 0.85 [16] . The sampled solution was made up to 50 mL with respective absorber solution. 10 mL of this solution was analyzed for nitrite content following the procedure described under calibration graph. In cases where the nitrite concentration was low the extraction procedure was followed.
Determination of nitrite/nitrate content in analytical grade chemicals
Weighed (2.5 g) sample of analytical grade chemicals were dissolved in water and diluted to the mark in 25 mL standard flask.
Nitrite determination: 5 mL of the made up solution was analyzed for nitrite following the extraction procedure described under preparation of calibration graph.
Nitrate determination: 10 mL of the made up solution was passed through reductor column after the addition of 5 mL of NH 3 -NH 4 Cl buffer (pH 8.6) and analyzed for total nitrite following the procedure described for the analysis of water samples.
Determination of nitrate content in medicated tooth paste
Weighed tooth paste sample (0.06 g) was taken, dissolved in water and the clear solution was diluted to 100 mL. 1 mL of the made up solution was taken and analyzed for nitrate content following the procedure described for the analysis of water sample.
Results and discussion
A known excess of Neutral Red, an azine dye having a primary amino group was treated with nitrite under acidic condition in the presence of bromide to form the diazonium salt. Addition of sodium hypophosphite causes deamination with a decrease in absorbance, which is directly proportional to the nitrite concentration. The addition of bromide ion to enhance the rate of diazotization is well known [17] and this concept has been used to complete the reaction instantaneously.
Experimental conditions were optimized and the optimum dye required was 2 mL of 0.01% Neutral Red for aqueous procedure and 2 mL of 0.001% Neutral Red for extraction procedure. Overall acidity of the reaction can vary from 0.12 -0.25 M, and the acidity was maintained at 0.18 M, which was achieved by the addition of 1mL of 4.25 M sulphuric acid. The measured absorbance of unreacted Neutral Red at 530 nm was stable for 2 days in aqueous medium.
Attempt was made to extract the dye into suitable organic solvents. The dye was not extractable under acidic condition in organic solvents. The aqueous solution was made alkaline and then extracted with iso-amyl alcohol. Under alkaline condition, the dye was yellow in colour (λ max 460 nm) and shows lower absorbance value as compared to the absorbance at 540 nm (Fig. 1) obtained after the addition of methanolic sulphuric acid. In acidic condition absorbance maxima was shifted to 540 nm from 530 nm as observed in the case of aqueous solution. Several solvents like CHCl 3 , toluene, iso-butyl methyl ketone (IBMK), iso-amyl acetate, iso-amyl alcohol were tried for extraction. Iso-amyl alcohol showed higher blank value and maximum difference between sample and blank for a given concentration of nitrite (Tab. I). Two blanks were prepared for this system. The reagent blank which contained optimum concentrations of all reagents except nitrite gave maximum absorbance at 540 nm. The other blank prepared in the absence of nitrite and Neutral Red, exhibited absorbance comparable to that of the solvent. Hence all measurements were made against the solvent.
The calibration graph for aqueous procedure was obtained by plotting absorbance values at 530 nm against nitrite concentration. Beer's law was obeyed over the range 0 -20 µg of nitrite in an overall aqueous volume of 25 mL. The calibration graph is a straight line, obeying equation y = -0.020 x + 0.673, where y is the absorbance and x (µg) is the amount of nitrite, with correlation coefficient (r) -0.997. The precision of method has been established at 8 µg nitrite, which gave an relative standard deviation (RSD) of 2.1% (n = 10).
In the case of the extraction procedure the Beer's law was obeyed at 540 nm over the range 0 -1.6 µg nitrite. The calibration graph is a straight line, obeying the equation y = -0.188 x + 0.559, where y is the absorbance and x (µg) is the amount of nitrite, with correlation coefficient (r) -0.993. The precision of the method has been established at 1.2 µg nitrite, with RSD as 2.4% (n = 10). Enhancement in molar absorptivity was observed in the extraction procedure (ε = 4.3 × 10 4 L mol -1 cm -1 ) as compared to aqueous procedure (ε = 2.5 × 10 4 L mol -1 cm -1 ).
Nature of the species responsible for colour
A known excess of Neutral Red on treatment with nitrite solution undergoes diazotization in acidic medium [Total nitrite (µg) -nitrite present (µg)] 10 × 62 46 . containing potassium bromide. The diazonium salt on treatment with sodium hypophosphite undergoes deamination [18] and causes a decrease in absorbance proportional to the concentration of added nitrite. The absorbance of the unreacted Neutral Red is measured (Fig. 2) .
Interference studies
In order to evaluate the suitability of the method for the determination of nitrite in water and soil samples, the interference of several ions in the determination was studied (Tab. II). Tolerance limits of various ions, after adding suitable masking agents were established in presence of 8 µg nitrite. Any ion causing a change in absorbance of the order of ±0.02 from that obtained in the absence of any interfering species was taken as sign of interference. Effect of common air pollutants like sulphur dioxide, hydrogen sulphide and formaldehyde in determination of nitrogen dioxide was also studied, the species were introduced in the form of their respective anions. Formaldehyde did not interfere up to 10 000 µg, while sulphite at concentrations above 50 µg interfered causing increase in absorbance value. However higher concentrations (up to 200 µg) of sulphite can be tolerated by the system if it is held as bisulphite adduct, which was achieved by addition of 2 mL of 0.5% HCHO solution to the sample prior to nitrite determination. Sulphide is tolerated up to 10 µg, at higher concentrations (up to 20 µg) interference was overcome by precipitating as zinc sulphide, by the addition of 1 mL of 1000 ppm zinc(II) ion to the sample solution and adjusting the pH to 6. The solution was centrifuged and clear supernatant liquid was taken for nitrite determination.
Applications
The proposed method has been applied for the determination of residual concentration of nitrogen dioxide in laboratory fume cupboard, where brass samples were treated with nitric acid for the determination of copper content (Tab. III).
In order to evaluate the method, parallel determinations were carried out making use of the diazo coupling reaction [15] between para-nitroaniline and N-(1-Naphthyl) ethylene diamine dihydrochloride (NEDA).
The proposed method was also effectively used for the determination of nitrate and nitrite in water (Tab. IV), soil (Tab. V) and analytical grade chemicals (Tab. VI). Nitrate content in a medicated tooth paste sample (Tab. VII) was also determined. Results showed that they were comparable with those obtained from determinations involving diazo coupling reaction and recovery of added nitrate and nitrite was found to be satisfactory.
Conclusion
The proposed method for the determination of nitrite, nitrate and nitrogen dioxide is simple, sensitive and precise. The calibration graph is linear over the concentration range 0 -20 µg in aqueous and 0 -1.6 µg in extraction method and the correlation coefficient being -0.997 and -0.993 respectively. The application of the proposed method for the determination of nitrite and nitrate levels in variety of samples and NO 2 level in air has demonstrated the utility of the method. 
